Objective The objective of this study was to describe the relationship between early pregnancy body mass index (BMI) and maternal, perinatal, and neonatal outcomes in rural India and Pakistan. Study Design In a prospective, population-based pregnancy registry implemented in communities in Thatta, Pakistan and Nagpur and Belagavi, India, we obtained women's BMI prior to 12 weeks' gestation (categorized as underweight, normal, overweight, and obese following World Health Organization criteria). Outcomes were assessed 42 days postpartum. Results The proportion of women with an adverse maternal outcome increased with increasing maternal BMI. Less than one-third of nonoverweight/nonobese women, 47.2% of overweight women, and 56.0% of obese women experienced an adverse maternal outcome. After controlling for site, maternal age and parity, risks of hypertensive disease/severe preeclampsia/eclampsia, cesarean/assisted delivery, and antibiotic use were higher among women with higher BMIs. Overweight women also had significantly higher risk of perinatal and early neonatal mortality compared with underweight/normal BMI women. Overweight women had a significantly higher perinatal mortality rate. Conclusion High BMI in early pregnancy was associated with increased risk of adverse maternal, perinatal, and neonatal outcomes in rural India and Pakistan. These findings present an opportunity to inform efforts for women to optimize weight prior to conception to improve pregnancy outcomes.
According to the World Health Organization (WHO), more than half of the world's adult population is overweight (body mass index [BMI] 25.0) or obese (BMI 30.0). 1 Once considered a problem of high-income countries (HIC), overweight and obesity are now increasing in low-and middleincome countries (LMICs) and have been recognized as a major public health problem. 2 Overall, women are more likely to be overweight or obese in LMICs, as opposed to in HICs where men are more likely to be overweight or obese.
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Consequently, the incidence of maternal obesity at the start of pregnancy has increased in some LMICs, 4,5 which has critical implications for maternal and child populations. While studies in HICs show that maternal prepregnancy obesity contributes to the risk for adverse pregnancy-related outcomes such as hypertension, pre-eclampsia, gestational diabetes, more frequent cesarean delivery, delivery of largefor-gestational age infants, and stillbirths, [6] [7] [8] [9] [10] [11] less is known about the impact of maternal BMI on poor pregnancy outcomes in LMICs. India and Pakistan are two LMICs that would benefit from more population-level data regarding maternal overweight and obesity and associated maternal, perinatal and neonatal consequences. Both countries have seen a recent increase in the prevalence of obesity in the general female population. 12, 13 More than 20% of females aged 20 years and older in India are overweight or obese while more than one-third of females aged 20 years and older in Pakistan are overweight or obese. 3 Thus, obesity likely impacts a large proportion of the maternal populations in these countries and is, therefore, an expected key determinant of poor pregnancy outcomes.
Having a better understanding of the distribution of obesity risk in specific maternal populations and the impact of obesity on pregnancy outcomes can guide initiatives aimed at improving maternal and newborn health in these countries. The aim of this study, therefore, was to describe the relationship between BMI in early pregnancy and adverse maternal, perinatal, and neonatal outcomes in rural areas of India and Pakistan.
Methods
The study was conducted within the Global Network for Women's and Children's Health Research (Global Network), a multicountry research network with sites in Asia, Africa, and Guatemala, which is funded by the Eunice Kennedy Shriver National Institute of Child Health and Human Development. 14, 15 This study was conducted in three Global Network sites in Thatta, Pakistan, and Nagpur and Belagavi, India The Maternal Newborn Health Registry (MNHR) is a population-based registry initiated in 2009, which aims to enroll all consenting women who reside within study clusters as early as possible during their pregnancy. Study clusters are defined geographic regions surrounding government health centers that generally include 300-500 deliveries per year. Registry administrators, who are trained study staff, aim to identify, screen, enroll and obtain outcomes for all consented women, regardless of where they deliver (home, health center or hospital). Basic demographic information is collected at the enrollment visit, and women are then visited by a registry study administrator, who is generally a nurse or medical officer, following delivery and at 6-weeks postpartum to obtain birth and neonatal outcomes, including information regarding delivery care. [16] [17] [18] Women's height and weight were generally obtained from data obtained at the first antenatal care visit. For the purposes of the study analyses, we restricted those studied to women with a maternal weight reported at <12 weeks' gestation and whose height was recorded at any time in pregnancy. All data were collected on hard copy and then entered in the data management systems on study computers at each site, where inter-and intra-form edit checks were performed. Data were then transmitted through a secure process to a central data coordinating center (RTI International, Durham, NC), where additional data checks were performed. Differences in the outcome measures and clinical and demographic characteristics across the three research sites were described using counts and percentages, with differences in BMI classification across sites obtained using Mantel-Haenszel statistics. Estimates of maternal outcomes and 95% confidence intervals for each BMI category were obtained using Log-Binomial models adjusting for continuous maternal age and parity with generalized estimating equations (GEE) used to account for possible correlation within clusters. For maternal outcomes where the LogBinomial models did not converge, a robust Poisson model GEE extension controlling for maternal age and parity was used. For the continuous outcome of birth weight, we used an analogous generalized linear model with an identity link and normal distribution assumption, controlling for correlation within cluster with a GEE extension to estimate mean birth weight and 95% confidence interval by BMI category. We also performed a Cochran-Mantel-Haenszel test to compare BMI category distributions across Global Network site BMI using standardized rank scores. All models were also adjusted for Global Network site. All data analyses were performed in SAS v.9.4 (Cary, NC).
Statistical Analyses

Results
During the study period, of the 123,607 women screened, 122,512 women consented to participate (►Table 1). A total of 41,778 (38.0%) study participants had their BMI obtained prior to 12 weeks' gestation and were included in this analysis. The majority of participants had a normal BMI (54.7%, n ¼ 22,837). Nearly 40% (n ¼ 16,448) were considered underweight, 4.9% (n ¼ 2,036) were overweight, and 1.1% (n ¼ 457) were obese. The mean BMI across all study sites was 19.7 kg/m 2 (SD 3.2 kg/m 2 ) and the range was 12.1 to 58.3 kg/m 2 (results not shown). The distribution of women in the maternal BMI categories (underweight, normal, overweight, and obese) varied significantly by site (p < 0.0001). A greater proportion of women from the Pakistan site were overweight or obese compared with the two India sites. Overall, the majority of participants were between 20 and 35 years of age (91.3%), had a secondary education (50.6%), received four or more antenatal care visits (68.1%), and delivered in a hospital setting (63.6%) (results not shown). The maternal demographic and obstetrical characteristics of the study population, stratified by maternal BMI grouping, are summarized in ►Table 2. Obese women were generally older and had increased parity as compared with nonobese women. No differences in education, number of antenatal care visits, or delivery location were found by BMI group. ►Table 3 describes the maternal outcomes by maternal BMI category. Generally, adverse outcomes increased with increasing maternal BMI. While 27.2% of women who were underweight experienced any adverse maternal outcome, almost half (47.2%) of overweight women and more than half (56.0%) of obese women experienced an adverse maternal outcome. Specifically, obstructed/prolonged labor/failure to progress; evidence of hypertensive disease/severe preeclampsia/eclampsia; breech/transverse or oblique lie; any treatment for adverse outcomes; any other symptoms or signs of life threatening illness; and use of antibiotics increased with increasing maternal BMI. Cesarean or assisted vaginal delivery also increased with increasing maternal BMI; 49.4% of obese women had a cesarean delivery compared with 18.6% of underweight women and 24.8% of women with a normal BMI.
After controlling for maternal age, parity, and site the rate of any adverse maternal outcome was lowest among underweight women and highest among obese women (►Table 4). Rates of hypertensive disease/severe pre-eclampsia/eclampsia and cesarean or assisted delivery were significantly higher among women who were overweight or obese compared with women who were not overweight or obese, while antibiotic use was significantly higher among obese women compared with women who were underweight or had a normal BMI (►Table 4). Perinatal and neonatal outcomes by maternal BMI for all sites combined are shown in ►Table 5. Stillbirth rates were approximately 50% higher among obese women compared with underweight and normal BMI women; however, rates between BMI groups were not statistically different after controlling for site and maternal age and parity (►Table 6). Overweight women had a significantly higher adjusted perinatal mortality rate compared with underweight women or women with a normal BMI, while the adjusted neonatal mortality rate was higher for overweight women compared with normal BMI women (►Table 6). Infant birth weights also increased with increasing maternal BMI. No differences in hospitalization rates were found by maternal BMI category.
Discussion
Like other LMICs, overweight and obesity are increasing rapidly in India and Pakistan, especially among the female population.
12,13 To our knowledge, this is the first population-based cross-sectional study in rural India and Pakistan to examine the risk of adverse maternal, perinatal, and neonatal outcomes in connection to maternal BMI in early pregnancy. As indicated by the results of this study, maternal overweight and obesity are a threat to the health of women and their infants in these regions, as both were associated with increased adverse outcomes. Specifically, rates of cesarean or assisted delivery were significantly higher in overweight and obese women compared with normal and underweight women. Evidence of hypertensive disease/severe preeclampsia/eclampsia was also greater in overweight and obese women compared with normal and underweight women. This has important implications as gestational hypertensive disorders are associated with fetal growth restriction, placental abruption, preterm birth, stillbirth, and neonatal mortality. 20, 21 Indeed, our results show that a high maternal BMI was associated with increased risk of stillbirth as well as perinatal and early neonatal mortality. This could be a result of the higher rate of hypertensive disorders in the overweight/obese women in our study. Antibiotic use, highest among our study participants with high BMIs, could perhaps indicate the presence of an infection that could potentially lead to these subsequent adverse perinatal outcomes as well.
The relationships we found between maternal and neonatal outcomes and maternal BMI are expected given that maternal BMI has been associated with increased rates of adverse maternal 22, 23 and perinatal outcomes 24,25 previously, including studies in LMICs. [26] [27] [28] Still, ours is the first study to show that these outcomes are occurring in women in rural India and Pakistan. Our results suggest that efforts to address the obesity epidemic occurring in these regions are warranted to mitigate the serious and negative effects of high maternal BMI on mothers and infants. Given the rising prevalence of maternal overweight and obesity in these areas, even a modest effect could have a substantial population impact. Underweight was also prevalent in our study population; nearly 40% of study participants had an early pregnancy BMI considered to be underweight. While a low maternal BMI has been previously identified as a risk factor for adverse pregnancy outcomes, 29, 30 in our study, underweight women seemed to generally fare better than women with higher BMIs. After adjusting for maternal age and parity, underweight women had significantly lower rates of cesarean/ assisted delivery and hypertensive disease compared with overweight or obese women. Perinatal and neonatal mortality and stillbirth rates were also lower among underweight women. Similar findings have been reported in other LMICs. [26] [27] [28] [29] Despite the lower risks of some outcomes Stillbirth a measured in our study, the high prevalence of underweight could represent a burden of other conditions. For example, in our study, almost a quarter of infants born to underweight women had a low birth weight, which is associated with a range of morbidities such as inhibited growth and cognitive development and chronic diseases later in life.
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Moreover, maternal underweight has been associated with an increased risk of maternal anemia 32 and stunting and wasting in children, 26 though these outcomes were not measured in the current study. Therefore, while having a lower BMI was "protective" against some major adverse outcomes in our study population, maternal underweight may lead to other important problems and the potential risks associated with suboptimal maternal BMI should not be minimized. There are potential limitations to consider when interpreting our results. To obtain early pregnancy BMI, we restricted analyses to those with documented weight prior to 12 weeks of pregnancy; nearly 60% of women who had weights taken later in pregnancy were excluded and thus our results may not be reflective of the full cohort. Given the limited time-period of our study, we were unable to examine trends over time. Lastly, our findings are also limited to the results from specific sites within the Global Network countries and are not reflective of each country as a whole.
Despite the limitations there are several major strengths of this study. First, we used a prospective, population-based multisite dataset to investigate adverse health outcomes related to maternal BMI in LMICs. This large sample size resulted in enough power to detect small differences in morbidity. WHO BMI classifications 19 were also used, increasing the ability to compare of our findings to other studies that use this standard BMI definition. In addition, the population-based nature of the registry makes the findings more generalizable than facility-based studies. Lastly, we enrolled women who delivered in hospital and clinics as well as women who delivered outside such facilities, and did not rely on the health systems to identify eligible women, therefore representing a cross-sectional cohort of residents within the study regions. In summary, this study provides evidence that high early pregnancy BMI is associated with poor maternal, perinatal, and neonatal outcomes in rural India and Pakistan. These findings suggest that future research focused on finding effective ways to mitigate the increasing threat of overweight and obesity among pregnant women and their infants in these and other LMICs is needed. Increasing efforts to encourage women to optimize weight prior to conception may be warranted.
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